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© PLASTIC OPTICAL ARTICLE AND PROCESS FOR PRODUCING THE SAME. 

&) A plastic optical article excellent in gas-barrier property, conductivity, durability transparency and resistances 
to heat, scratch and chemicals, which comprises the following layers A, B and F and wherein each layer ,s 
composed of at least one layer: (A): a transparent resin; (B): the following gas-barrier coat.ng B1 or B2: (B1): a 
cured coating comprising a hydrophilic resin and an organosilicon compound (B2): a cured coating comprising a 
polymer haJing an oxygen-gas permeation coefficient of at most 1 x 10-3 [cm 3.cm/cm*.sec.Pa] and a steam 
permeation coefficient of at most 1 x 10-° [cm^cnW.sec.Pa]; and (F): an inorganic coatmg comprising (C) a 
transparent conductive coating and/or (E) a metallic oxide and/or a metallic nitride coating. 
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The present invention relates to plastic optical articles with excellent gas barrier properties, conductivity, 
durability, heat resistance, abrasion resistance, transparency and chemical resistance. 

Background Art 



Plastic materials in general are light-weight and have excellent impact resistance, processability and 
mass-producibility, and thus in recent years they have been in great demand as materials for optical 
w devices such as optical filters, optical lenses and optical disks. At present, transparent resins such as 
polymethylmethacrylate, polystyrene and polycarbonate are mainly used as the plastic materials for these 
optical devices. 

Research is being conducted to impart conductivity to these plastic moldings for their increased 
functions. Common methods for forming conductive films on moldings are physical methods of forming 
75 metal oxides such as indium/tin oxide (hereunder, ITO) and Sn0 2l or metals such as Au and Ag by vacuum 
deposition or sputtering. Plastic molds with conductive films obtained by these methods may be used as 
materials for electronic circuit components such as resistors; duplicating materials for electrophotographs 
and electrophotographic recording; transparent electrodes for electrochromic displays, electroluminescent 
displays and signal input for touch panels; photoelectric conversion elements such as solar cells and light 
20 amplifiers; as well as for anti-static effects, electromagnetic wave blocking, heating elements, sensors, and 
the like. In particular, since such plastics may be made thinner and lighter in weight, are more pliable and 
resistant to cracking, and have more excellent workability than glass substrates, they are viewed with much 
promise as electrooptical elements for liquid crystal displays. 

However, when plastic transparent resins are used as substrates in liquid crystal displays, in compari- 
25 son to glass substrates their heat resistance and strength of adhesion to the conductive films are low while 
their air permeability and moisture permeability are high, leading to problems such as deterioration of the 
liquid crystal substance due to permeation of oxygen, and increased power consumption of the display 
device due to permeation of moisture, and consequently their effect on the life-span and reliability of liquid 
crystal displays has been considerable. As one publicly known example of improvement of these problems 
30 there may be mentioned the method described in Japanese Unexamined Patent Publication No. 61-79644, 
wherein a film comprising a polyvinyl alcohol resin, which has superior gas barrier properties, is formed on 
a transparent resin, and a conductive layer is formed thereon. However, since polyvinyl alcohol resins are 
hydrophilic, when they absorb large amounts of water the hydrogen bonds between the molecules, which 
are the basis of the high gas barrier effect, are broken by the water molecules, thus greatly reducing the 
35 gas barrier properties. In addition, during etching of the conductive layer, the latter reacts with hydrochloric 
acid which is used as the etching fluid, thus causing deterioration of the film, and therefore polyvinyl alcohol 
resins cannot be used alone. As a result, as described in Japanese Unexamined Patent Publication No. 61- 
79644, there is required a laminar construction prepared by constructing a metal oxide film which has 
resistance to deterioration under high humidity, resistance to hydrochloric acid and excellent gas barrier 
40 properties, on a transparent resin substrate, and forming the conductive layer thereon. 

However, since such films comprising polyvinyl alcohol resins have a large difference in the linear 
expansion coefficients of the metal oxide film and transparent conductive layer formed on the film, during 
heat treatment and moisture absorption they are very prone to cracks in the metal oxide film' and/or 
transparent conductive layer. Furthermore, in the construction mentioned above the metal oxide layer is 
45 formed directly on the transparent resin substrate, and thus the difference in the linear expansion 
coefficients of the substrate and metal oxide film is large, thus rendering the metal oxide film very prone to 
cracking during heat treatment. 

The object of the present invention is to overcome the problems described above by providing plastic 
optical articles with excellent gas barrier properties, conductivity, durability, heat resistance, abrasion 
so resistance, transparency and chemical resistance. 

Disclosure of the Invention 
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In order to achieve this object, the present invention has the following construction. A plastic optical 
article having at least the layers B and F on a section of a substrate comprising A below, characterized in 
that the layers B and F comprise one or more layers respectively. 

A. A transparent resin 

B. The following gas barrier layer B1 or B2: 
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B1 A cured gas barrier layer composed mainly of a hydrophilic resin and an organosil.con compound. 
B2 A gas barrier layer composed mainly of a polymer with an oxygen permeability coefficient . oM x 
10-' 3 [cm 3 - cm/cm*- sec- Pa] or less, and a water vapor permeability coefficient of 1 x 10 - 
[cm 3 • cm/cm 2 • sec • Pa] or less. 
F. The following inorganic layers C and/or E 
C. A transparent electro-conductive layer 
E. A metal oxide and/or metal nitride layer 
Layer A (transparent resin layer) according to the present invention is mainly composed of a 
transparent resin as described below. 

Best Mode for Carrying Out the Invention 

There are no particular restrictions on the transparent resin of the present invention but transparent 
resins with glass transition temperatures of 130-C or higher are preferably used, and those with glass 
transition temperatures of 160'C or higher having even better heat resistance are even more P™^™* 
glass transition temperature is the temperature at which the polymer changes from a non-crystalline glass- 
ike state to a rubber-like state, and its properties including the elastic modulus, expansion coefficient, heat 
content, refractive index and dielectric constant vary within that transition range. Mea suremen of the g a ss 
transition temperature is possible based on the changes in these properties, and specifically .t may be 
evaluated by a publicly known method (for example J.S K 71 21) using differentia, scannmg ca.onmetry 

(DS Regarding the mechanical properties of the transparent resin, when expressed as the flexural modulus 
at room temperature it is preferably 200 kg/mm* and more preferably 330 kg/mm 2 or greater. Also, the 
transparency of the transparent resin, when expressed as the total light transmittance when no coloring 
occurs, is preferably 60% or greater, and more preferably 80% or greater. The transparen resin may be ,,n 
a hybrid system with an inorganic substance or the like so long as its transparency .s not .mpaired, and it 
mav also contain an inorganic bond such as a siloxane or phosphazene bond. 

7 component of transparent resins with a glass transition temperature of 1 30 • C or higher there may 
"be mentioned (i) polyclinic resins represented by polymethacrylic resins such as ^et^crync ac 
polycarboxyphenyl methacrylamide. etc. and polystyrenic resins such as poly(b.phenyl)styrene 00 
□oyeLr resins represented by poly(2,6-dimethyl-1,4-phenyleneoxide) : (Hi) polycarbonate resins repre- 
sented by poly(oxycarbonyloxy-1,4-phenyleneisopropylidene-1,4-phenylene); (iv) polyester resins repre- 
sented by ^ oxy-2,2.4.itetramethyl-1,3-cyclobutyleneox y terephthaloyl); (v) polysulfon.c resins repre- 
sented by poly(oxy-1 ,4-phenylenesulfonyl-1 ,4-phenylene), poly(oxy-1 ,4-phenyleneisopropyl.dene-l 4- 
phenyleneoxy-14-phenylenesulfonyl-1,4-phenylene), etc.; (vi) polyamide resins represented by poy- 
Sno Lphthaloylimino^4.4'-biphenylene); (vii) polysulf.de resins represented by po.y(th,o-1 ,4-phenylenesul- 
fonyl-1 4-phenylene); (viii) unsaturated polyester resins; (ix) epoxy resins; (x) melamme resins; (x.) phenolic 
resins- '(xii) diallylphthalate resins; (xiii) polyimide resins and (xiv) polyphosphazene resins. 

In addition, a crosslinked structure may be introduced into these pdymers to obtain a transparent 
crosslinked resin with the above-mentioned thermal properties. Polyolefin resins are Pan.cu.arly preferred 
from the point of view of transparency and moldability, and polyolefin copolymers resulting from poly- 
merization of compositions containing polyfunction^ monomers with 2 or more unsaturated groups are even 

m0 OHheabove-mentioned copolymers there is preferably used a copolymer resulting ^ P°*™^^ 
; of a composition containing 20-98 wt% of a monomer represented by general formula (F) below and 2-80 
wt% of a polyfunctional monomer with 2 or more unsaturated groups, and wherem the total weigh 
proportion of the monomer represented by general formula (F) and the polyfunctional monomer with 2 or 
more unsaturated groups is 30 wt% or more. 
General formula (F) 
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where R 5 and R e are substituents selected from hydrogen, methyl and ethyl, and R 7 is a substituent 
selected from hydrogen and hydrocarbon groups of 1-20 carbon atoms. 

R 5 and R 6 may be identical or different. When R 7 is a hydrocarbon group, they may be specifically, (i) 
linear alkyl groups such as methyl, ethyl, propyl, octyl and octadecyl, (ii) branched alkyl groups such as 
isopropyl, sec-butyl, tert-butyl and isopentyl, (iii) alicyclic hydrocarbon groups such as cyclohexyl and 
methylcyclohexyl, (iv) aryl groups such as phenyl and methylphenyl, and (v) aralkyl groups such as benzyl 
and phenethyl. 

Furthermore, R 5 , R 6 and R 7 may be substituted with a variety of substituents including halogens such 
as fluorine, chlorine and bromine, and cyano, carboxyl, sulfonic, nitro, hydroxy and alkoxy groups. 

Concrete examples of compounds represented by general formula (F) are N-methylmaleimide, N- 
butylmaleimide, N-phenylmaleimide, N-o-methylphenylmaleimide, N-m-methylphenylmaleimide, N-p- 
methylphenylmaleimide, N-o-hydroxyphenylmaleimide, N-m-hydroxyphenylmaleimide, N-p-hydroxyphenyl- 
maleimide, N-methoxyphenylmaleimide, N-m-methoxyphenylmaleimide, N-p-methoxyphenylmaleimide, N-o- 
chlorophenylmaleimide, N-m-chlorophenylmaleimide, N-p-chlorophenylmaleimide, N-o-carboxyphenyl- 
maleimide, N-p-carboxyphenylmaleimide, N-p-nitrophenylmaleimide, N-ethylmaleimide, N-cyclohexyl- 
maleimide and N-isopropylmaleimide. 

These monomers may be used alone or with 2 or more thereof in admixture. Furthermore, from the 
standpoint of yellowing after heat resistance testing and weatherability, of the maleimide compounds 
mentioned above there are particularly preferred alkylmaleimides and cycloalkylmaleimides, with N-iso- 
propylmaleimide and N-cyclohexylmaleimide being especially preferred. In addition, from the standpoint of 
ease of preparation of the monomer solution and satisfactory properties during cast polymerization, an N- 
alkylmaleimide such as N-iso-propylmaleimide and an N-alicyclic alkylmaleimide such as N-cyclohexyl- 
maleimide are most preferably used in combination. When used together, the proportion of the N- 
alkylmaleimide and N-alicyclic alkylmaleimide will depend on the types and amounts of the polyfunctional 
monomers with 2 or more unsaturated groups, and this must be determined by appropriate experimentation, 
but in order to exhibit the effect of the combination, they are preferably used in the range of 10 to 500 parts 
by weight of the N-alicyclic maleimide to 100 parts by weight of the N-alkylmaleimide. 

The polyfunctional monomer with 2 or more unsaturated groups is a monomer with 2 or more 
unsaturated functional groups copolymerizable with the above-mentioned maleides, examples of such 
copolymerizable functional groups being vinyl, methylvinyl, acrylic and methacrylic groups. Also, monomers 
containing 2 or more different copolymerizable functional groups in the same molecule are included by the 
term "polyfunctional monomer" according to the present invention. 

As preferred concrete examples of the above-mentioned polyfunctional monomer with 2 or more 
unsaturated groups there may be mentioned (i) di-, tri- and tetra(meth)acrylates of polyhydric alcohols, such 
as ethyleneglycol di(meth)acrylate, diethyleneglycol di(meth)acrylate, triethyleneglycol di(meth)acrylate, 
glycerol (di/tri)(meth)acrylate, trimethylolpropane (di/tri)(meth)acrylate, and pentaerythritol (di/tri/tetra)(meth)- 
acrylate; (ii) aromatic polyfunctional monomers such as p-divinylbenzene and o-divinylbenzene; (iii) esters 
such as vinyl acrylate ester and allyl (meth)acrylate ester; (iv) dienes such as butadiene, hexadiene and 
pentadiene; (v) monomers with a phosphazene skeleton polymerized with dichlorophosphazene as the 
starting material and having a polyfunctional group introduced therein; and (vi) polyfunctional monomers 
with a heterocyclic skeleton such as triallylisocyanurate. 

The above-mentioned polyolefinic copolymer composition preferably contains 20-98 wt% of the mon- 
omer represented by general formula (F). At less than 20 wt%, the properties of heat resistance, 
mechanical strength, optical isotropy, etc. are sometimes not satisfactory, and at greater than 98 wt% the 
degree of crosslinking is reduced, sometimes rendering the solvent resistance and water absorption 
coefficient unsatisfactorily low. A proportion of 30-80 wt% is more preferable, and a proportion of 40-60 
wt% is even more preferable. 
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The oolvfunctional monomer with 2 or more unsaturated groups is preferably contained in the 
cro^k^S^rS-npo-tlon in a proportion of 2-80 wt%. At .ess than 2 wt%. crossing wH. not 
nroceed ^ sufficiently tending to lower the heat resistance and solvent resistance. Also at greater than 80 
wt ? the tmpSlsislce is lowered, sometimes so much as to significantly lower the propert.es of the 

5 "^SeTabV'varSus copo.ymerizable monomers are used in combination in the polyolefinic copolymer 
comnSwon deSbed above for improvement of the mechanical strength, optical isotropy, h.gh refractive 

vmvTmormersTnclude (i) vinyl cyanide monomers such as acrylonitrile and methacrylon.tnle (..) (meth - 
,s C monome'su* as methyl methacry.ate, methyl acry.ate cyc.ohexy. ^acry.ate. t- 

2 methacrv ate benzyl methacrylate. acrylic acid and methacrylic acid, and (hi) male.c anhydnde. 

Ce ^a^iem 2 the monomer represented by the general formula (A) and the polyfunct.onal 

monomer » unsaturated groups in the polyolefinic copolymer composition descnbec I above , 

preferably at least 30 wt% in the crosslinked resin composition, and more preferably ,s at east 40 £ .^H 
20 TeS Ihan SO wt%. the polymer will sometimes have inadequate transparency, heat resistance, chemical 

" The^^ antioxidants and antistatic agents to the transparent resin of the 

present invention is useful for improving the light resistance, oxidation degradation propels and an 
orooerties It is particularly preferred to copolymerize a monomer having UV absorbing properties or 
25 SSt ng p op^s because these properties can be improved without lowering *e chem,caUes,^ce 
»nd hLTt resistance Preferred examples of such monomers are benzophenone type UV abso bers having 

~™e^ 

Stre T 9 he mefhodof poTymtnzing the transparent resin is not particularly limited, and *e poiymerization may 
usually bT carried out by publicly known methods. If the transparent resin is a po.yolef.nic copolymer^ ft. 
Do rmerizatJon may be carried out by keeping the mixture of the monomers described above at a 
35 o^TtermS temperature in the presence or absence of a radical initiator. Any polymerization method 
" ^r^l*, solution polymerization, suspension polymerization or Po ymenzat^n 

may be employed. The degree of polymerization of the transparent crosshnked res, id the pre*en 
Mention is not particularly limited but a higher polymerization degree .s preferred, and con«^ 
pTessing of the transparent film, such as solution coating and vacuum deposition, the degree of 
no^mer ization is preferably at least 90%. The polymerization of the transparent resin of the present 
carried o£ at a temperature of from 30 to 250-C, and the rate of po y— J V be 
"creased at a polymerization temperature of not lower than 1 30 • C, and preferably not lower than 1 50 C_ 
T^re are no particular limitations to the molding method of the transparent resin of the present 
invention and elusion molding, injection molding, solvent molding and casting polymerization may be 
emp eyed. cX ^merizatio'n is considered an effective molding method. Fu*e«^C 
ZoZL characteristics, the thickness of the substrate comprising the transparent resin is preferab.y 0.1- 

,0 ^BT^?iJ^"-*r * a hydrophilic resin and an organosi.icon compound, 
according to the presen invention is a layer comprising, in addition to a hydrophilic resin an °rganos.hcon 
50 compound represented by genera, formula (A) (or a hydrolysate thereof) and an a.um,num chelate 
compound represented by general lormula (B). 

-t- — * * • **—•»" « " »**° a * ,xm ° ,oup 

of 1 -6 carbon atoms, X is a hydro.yzing group and a and b are 0 or 1 . 

55 w^sTlwS Renting a .ower alky, group; V is at least one member selected from the ligands 
derived from the compounds represented by the general formulas (C) 
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M 1 COCH 2 COM 2 

wherein each of M 1 and M 2 is a lower alkyl group, and (D) 
M 3 COCH 2 COOM 4 

wherein each of M 3 and M 4 is a lower alkyl group; and n is 0, 1 or 2. 

This layer B also provides a gas barrier function in the plastic optical article. 

The hydrophilic resin according to the present invention may be any type of water-soluble resin, for 
example, hydroxylalkyl-substituted derivatives of cellulose, polyacrylamides, poly(meth)acrylic acid and 
metal salts thereof, totally or partially saponified polyvinyl acetate, and polyvinylpyrrolidone, as well as 
polyhydroxyalkyl (meth)acrylates and their copolymers, alkylpolyalkyleneoxide (meth)acrylate polymers and 
their copolymers, and hydrophilic urethane resins; it is not limited so long as its hydrophilicity is sufficient to 
exhibit a gas barrier effect. From the standpoint of compatibility and crosslinkability with the organic silicon 
compound, it is particularly preferable to use a hydroxy-containing polymer, for example a hydroxyalkyl 
cellulose, totally or partially saponified polyvinyl acetate, generally known as polyvinyl alcohol, polyhydroxy 
(meth)acrylate, or a copolymer thereof. Specific examples of hydroxyalkyl celluloses include hydroxy methyl 
cellulose, hydroxyethyl cellulose and hydroxypropyl cellulose. Also, a polyvinyl alcohol particularly preferred 
for use according to the present invention has an average polymerization degree of 250-3000 and a 
saponification degree of 70 mol% or greater. If the average polymerization degree is less than 250, the 
durability and particularly the moisture resistance will be lacking, and if it is greater than 3000 the viscosity 
of the composition after it is made into a paint will be high, leading to difficulty in obtaining a smooth 
coating, as well as other working problems. Also, if the saponification degree is less than 70 mol%, 
adequate gas barrier characteristics cannot be expected. 

As polyhydroxyalkyl (meth)acrylates there may be mentioned polyhydroxyethyl acrylate, polyhydrox- 
yethyl methacrylate, polyhydroxypropyl acrylate, polyhydroxypropyl methacrylate and copolymers of these 
polymers prepared by adding other monomers, for example methyl methacrylate and the like. 

These hydrophilic resins do not display their effect of improving the gas barrier properties of layer B if 
they are present in too low a proportion. On the other hand, the hydrophilic resin is preferably not present in 
layer B in too high a proportion from the viewpoint of improving the other properties provided by the coating 
of layer B, such as heat resistance, chemical resistance, solvent resistance, hardness and durability. In view 
of the above, the proportion of the hydrophilic resin in layer B is preferably 10-95%. 

Furthermore, the use of an organosilicon compound and aluminum chelate compound in the cured film 
composed mainly of a hydrophilic resin and an organosilicon compound is preferred from the standpoint of 
improving the durability, adhesion to the transparent resin substrate, moisture resistance and the necessary 
hydrochloric acid resistance during etching after the conductive layer is set In addition, there may be 
added more than one hydrophilic resin, organosilicon compound and aluminum chelate compound. 

First, the organosilicon compound is not particularly limited, but organosilicon compounds represented 
by the following formula (A) and their hydrolysates are preferred. 
General formula (A) R 1 a R 2 bSiX4- a -b 

where R 1 is an organic group of 1-10 carbon atoms, R 2 is a hydrocarbon or halogenated hydrocarbon group 
of 1 -6 carbon atoms, X is a hydrolyzing group and a and b are 0 or 1 . 

Specific examples thereof are (i) as tetrafunctional silane compounds: tetraalkoxy si lanes and their 
hydrolysates, such as methyl silicate, ethyl silicate, n-propyl silicate, iso-propyl silicate, n-butyl silicate, sec- 
butyl silicate and t-butyl silicate; (ii) as trifunctional silane compounds: trialkoxysilanes, triacyloxysi lanes, 
triphenoxysilanes and their hydrolysates, such as methyltrimethoxysilane, methyltriethoxysilane, methyl- 
triacetoxysilane, methyltripropoxysilane, methyltributoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, 
vinyltrimethyoxysilane, vinyltriethoxysilane, vinyltriacetoxysilane, phenyltrimethoxysilane, phenyltriethox- 
ysilane, phenyltriacetoxysilane, 7-chloropropyltrimethoxysilane, 7-chloropropyltriethoxysilane, 7- 
chloropropyltriacetoxysilane, 7-methacryloxypropyltrimethoxysilane, 7-aminopropyltrimethoxysilane, 7- 
aminopropyltriethoxysilane, 7-mercaptopropyltrimethoxysilane, y-mercaptopropyltriethoxysilane, N-0- 
(aminoethyl)-7-aminopropyltrimethoxysilane, 0-cyanoethyltriethoxysilane, methyltriphenoxysilane, 
chloromethyltrimethoxysilane, chloromethyltriethoxysilane, glycidoxymethyltrimethoxysilane, glycidox- 
ymethyltriethoxysilane, a-glycidoxyethyltrimethoxysilane, a-glycidoxyethyltriethoxysilane, /8-g I yci doxy ethyl- 
trimethoxysilane, /S-glycidoxyethyltriethoxysilane, o-glycidoxypropyltrimethoxysilane, a-glycidoxypropyl- 
triethoxysilane, 0-glycidoxypropyltrimethoxysilane, /3-glycidoxypropyltriethoxysilane, 7-glycidox- 
ypropytrimethoxysilane, 7-glycidoxypropyltriethoxysilane, y-glycidoxypropyltripropoxysilane, 7 -gJycidox- 
ypropyltributoxysilane, y-glycidoxypropyltriphenoxysilane, a-glycidoxybutyltrimethoxysilane, a-glycidox- 
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vbutyltriethoxysilane, /3-glycidoxybutyltrimethoxysilane, ^-glycidoxybutyltriethoxysMane 7 -glyc.doxybutyl- 

v^r(r4- e poxycyclohexyl)methyltrimethoxysilane, (3,4-epoxycyclohexyOmethyltnethoxys.lane. /J-(3.4-ep- 
^IiSZZ m eJ,UJ, H3,4- e poxycyc.ohexy.)ethy.t ri ethoxysi.ane. W^^f 
ethyliripropoxysilane, ^O^poxycyclohexyDethyltr.butoxys.lane, ^ZZZZcSl 

ethyltriphenoxysilane, 7 - ( 3.4- eP oxycyclohexyl)propyltnme«ioxys..ane, itVeZZZcSl 

nropvltriethoxysilane, 6-(3,4-epoxycyclohexyl)butyltrimethoxys.lane, 6-(3,4-epoxycyclohexyl) 

ZEoSne etc, and (i i) as functional silane compounds: dialkoxysilanes, d.phenoxysi.anes and 
■35£ and I their hydrolysates. such as dimethyldimethoxysi.ane, pheny.methy.d.methoxysilane, 
SS^Iane. pheny.methy.diethoxysilane, 7 -chloropropy.methy.dimethoxy S ,lane, 7 -ch.oropropyl- 
meth d e hoxysilane, dimethyldiacetoxysilane, ^methacryloxypropylmethyld.methoxys.lane, r 

7 -mercaptopropylmethy.dimethoxysi.ane, r<Mrcaptopropyk 
TSToxZSL, ^minopropy.methy.dimethoxysi.ane, ,-aminopropylmethy.diethoxys.lane, mehy- 
iSloxysilane methylvinyldiethoxysilane, glycidoxymethylmethyldimethoxys.lane glyc-doxymethyl- 
reTylXSnanl, ,,-glycidoxyethylmethyldimethoxysilane, a -glycidoxyethylmethyld,ethoxys t lane fi- 
Z^ZZ^X^no^L, 0-glycidoxyethylmethyldiethoxysilane, a-g.yc.doxypropylmethy - 
d m^vsnane l-glycidoxypropylmethyldiethoxysi.ane, *-g.ycidoxypro P ylmethy.d.methox y s,lane, fi- 

dieftowsLe \-glycidoxypropylmethyldipropoxysilane. ^-glycidoxypropylmethyld.butoxys.lane. 7 -gyc,dox- 

dSoxysilane. 7 -g.ycidoxypropyleth y ldimethoxysilane, 7 -glycidoxyprop y lethyld,ethoxys,lane, 7^ 
yP^yllXethoxJsi^ ,-glycidoxypropylvinyldiethoxysilane. 7 -g.ycidoxypropy.pheny.d,methox- 
vsilane ^-alycidoxypropylphenyldiethoxysilane. etc. 

" One or more o" these organosilicon compounds may be added to the coahng compos* on , 

Furthermore although any of the above-mentioned organosilicon compounds may be used, a d,tunc- 
tiona^sTane expound represented by the genera, formula (E) is preferab.y used for greater .mprovement 
in the gas barrier properties of layer B. 

General formula (E) R 3 R*SiX2 . 

«,hPr P R3 and R* are orqanic groups of 1 -1 0 carbon atoms and X is a hydrolyzing group. 

Also frl thrstarSpoin? of improvement in the gas barrier properties, there are preferably .targe 
number ofTdroxy carboxylic and other hydrogen bonding groups present in the hydroph.hc resin. If the re 
are ti £! J.le organosilicon compound added to the system reacts with the hydroxy and carboxylic 

9r TJZ$ZT^s crosslink by this reaction, providing improved properties such as heat 
resisted chemical resistance, solvent resistance, hardness and durability to the cured layer. Therefore 
Amount of le organosilicon compound to be added must be determined with care so as not to impa. 
Z^S^TSSb the organosilicon compound is added to the cured gas garner layer ,n an amount 
preferably of 0.01-20%. and more preferably of 0.1-10%, for optimum balance of the property 

These organosilicon compounds are preferably hydrolyzed before use in order to lower the hardening 
^Ze ^loZr promote the curing. The hydrolysates may be obtained by adding and mixing 
ZZmZJZ water or an aqueous acidic solution such as hydrochloric acid, acetic acid or sulfuric acid. 
eTSXfte amount of the purified water or aqueous acidic solution added it .s possible to easily 
SUS Z dearee of hydrolysis For the hydrolysis, in order to promote curing, the punned water or 
t^iSte^TJjS^ added in an'amount of 1 to 3 molar equivalents of the hydrolyzing 
Q?oups !nThr c o m pound represented by general formula (A). Since an alcohol, etc. .s generated during the 
H^^St** may be conducted without a solvent. However, to promote the hydrolysis with 
ZtTSJSZ^W be carried out after the organosilicon compounds and the solvent are m^ 
^JTX intended object, the alcohol, etc. may be removed by heating and/or by eva P orat,on at a 
reduced oressure after the hydrolysis, and a suitable solvent may also be added thereafter. 

The a P Snum Sate compound used together with the organosilicon compound is most preferably an 
aluminum chelate compound represented by the following general formula (B). 

S^xtTJE Renting a lower alky, group; Y is at least one member selected from the ligands 
derived from the compounds represented by the general formulas (C) 



55 



M 1 COCH 2 COM 2 

wherein each of M 1 and M 2 is a lower alkyl group, and (D) 
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M 3 COCH 2 COOM< 



wherein each of M 3 and M 4 is a lower alkyl group; and n is 0, 1 or 2. 

Although a wide variety of compounds may be mentioned as the aluminum chelate compounds 
represented by general formula (B), particularly preferred are aluminum acetylacetonate, aluminum 
bisethylacetoacetatemonoacetylacetonate, aluminum di-n-butoxidemonoethylacetoacetate and aluminum di- 
iso-propox.demonomethylacetoacetate from the standpoint of solubility, stability in the composition and 
effect as curing catalysts. Two or more of these aluminum chelate compounds may be used in admixture in 
the coating composition of layer B. 

The amount of these aluminum chelate compounds to be added is preferably in the range of 0 01-10 
parts with respect to the cured film of layer B. If the amount of the aluminum chelate compound is less than 
0.01 parts, the curing of layer B is not satisfactory and the resulting hardness and durability does not 
withstand use. while if it is greater than 10 parts, yellowing of layer B occurs. Furthermore, if the aluminum 
chelate compound is added only in the minimum required amount, the potlife of the paint used to prepare 
layer B becomes shorter, and the gas barrier properties of layer B are impaired. The amount of the 
alum.num chelate compound to be added is determined based on the above considerations and depending 
on the circumstances, but it is most preferably in the range of 0.1-0.05 parts. 

The composition described above is preferably diluted in a common volatile solvent and applied as a 
liquid composition, and there are no particular restrictions on the solvent used; however, it must not damage 
the surface characteristics of the applied coating when used, and it should be selected with consideration to 
the stability of the composition, wettability to the substrate, volatility, etc. Two or more solvents may also be 
used in admixture. Specific examples of these solvents are alcohols, esters, ethers, ketones such as methyl 
isobutyl ketone, dimethylformamide, dimethylsulfoxide and dimethylimidazolidinone. 

When the liquid composition is applied onto the transparent resin layer (A) and the cured layer (B) is 
formed thereon, the properties of the solvent are expected to greatly influence the structure of the cured 
layer Therefore, the properties of the above-mentioned solvents affect the optical and gas barrier properties 
which reflect the structure of the cured layer, and consequently the solvent must be selected while 
cons.denng these aspects. Study has revealed that inclusion of a cyclic ether compound as part of the 
solvent is effective for obtaining good properties of the cured layer, including optical and gas barrier 
properties. 

Specific examples of such cyclic ether compounds include tetrahydrofuran, tetrahydropyran hex- 
amethyleneox.de, 1 ,3-dioxolane, 1,4-dioxane, 2-methyl-1,3-dioxolane, 4-methyl-1 ,3-dioxalane. 4-methyl-1 3- 
dioxane, 2,4-dimethyl-1 ,3-dioxane, and the like. 

In addition, inclusion of dimethylimidazolidinone in the solvent is effective for improving the properties 
of adhesion between the cured resin and the substrate. However, if the dimethylimidazolidinone is added to 
the solvent in too great an amount the degree of yellowing of the cured film becomes higher thus 
complicating its use in optical applications. Consequently, its content in the solvent is preferably 'in the 
range of 0.01-10%, to both maintain adhesion with the substrate and minimize yellowing of the cured film 

Inorganic fine particles may also be combined with the film for improved durability of the film and for a 
proper linear expansion coefficient. The inorganic fine particles used for this purpose are not particularly 
limited so long as they do not impair the transparency when in the form of a film. From the standpoint of 
improved operation efficiency and imparting transparency, sols dispersed in colloidal form are particularly 
preferred. Specific examples thereof include silica sol, antimony oxide sol. titania sol. zirconia sol, alumina 
so\ tungsten oxide sol, and the like. There is no problem with surface treating the fine particles or adding 
surfactants or amines for better dispersability of the inorganic fine particles. Of the above examples silica 
sol is used preferentially. The silica sol preferably has an average particle size of 1-200 nm. Silica sol is a 
colloidal dispersion of high-molecular-weight silicic anhydride in water and/or an organic solvent such as 
alcohol. For the purpose of the present invention, a sol with an average particle size of 1-200 nm is used 
but the average particle size is preferably 5-100 nm, and more preferably 20-80 nm. Sols with an average 
particle size of less than 1 nm have poor stability as dispersions and make it difficult to achieve constant 
quality, while those over 200 nm lead to poor transparency of the resulting film and only yield very turbid 
films. 

Any type of additive or modifier may also be included in the cured layer. As the additive there may be 
used a surfactant for improved surface smoothness, and specifically, silicone compounds, fluorine surfac- 
tants and organic surfactants may be used. As the modifier there may be added an organic polymer with 
good compatibility with the hydrophilic resin and organosilicon compound, such as alcohol-soluble nylon as 
well as tetrafunctional silane compounds such as ethyl silicate, n-propyl silicate, i-propyl silicate, n-butyl 
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♦ . oj.i^to t hi.tx/i silicate etc Various epoxy resins, meiamine resins and amide resins are 

'"Te^ethod of applying the coating composition for the cured layer on the transparent resin may be 
,o any ^rdinCclting method such as brush coating, dip coating, roll coating, spray coat,ng. sp,n coatmg. 

pressure. Dart icularlv limited and specific examples thereof include oxygen, nitrogen, 

.. sss. s « -rMTir." £S £Si sk. 



50 

1,16 T^arbSrier^operty of oxygen permeability of the cured layer of the present invention composed 
^ASKn and L organic silicon compound is preferably 50 [cc/m^dayatm] or less 

^ZISTZ Z^^^ro^es, conductivity, durability, heat resistance, abrasion 
rJZ^XZ^ZZte 9 * ft. cureo .ayer. there is no problem ^^^^ 
consisting of 2 or more layers of the composition having the same or drfferent component rat.os. 



55 
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The transparency of the transparent resin containing the cured layer, when expressed as the total light 
transmittance when no coloring occurs, is preferably 60% or greater, and more preferably 80% or greater. 
When used for applications requiring optical isotropy, such as for a liquid crystal display substrate, optical 
disk substrate or the like, the birefringence is preferably below 30 nm, and more preferably below 15 nm. 
5 Layer B2 is composed mainly of a resin with an oxygen permeability coefficient of 1 x 10~ 13 

[cm 3 •cm/cm 2 -sec- Pa] or less, and a water vapor permeation coefficient of 1 x 10~ 10 
[cm 3 • cm/cm 2 • sec • Pa] or less. 

Specific examples of this type of resin include polyvinylnitrile resins such as polyacrylonitrile, poly- 
methacrylonitrile and poly(2-chloroacryionitrile); polyvinylidene halide resins such as polyvinylidene chlo- 
io ride, polyvinylidene fluoride; vinyl halide resins such as vinyl chloride resin; polyamide resins such as 
nylon-6, nylon-66 and nylon-11; and polyester resins such as polyethylene terephthalate. Also included are 
copolymers of these the monomer units of these polymers. Latex polymers composed mainly of these 
resins may be preferentially used for their ease of application. Specifically, "SARAN LATEX" of Asahi Kasei 
Kogyo Co. and "CREHALON LATEX" of Kureha Kagaku Kogyo Co. may be mentioned. 
75 Inorganic fine particles may also be incorporated with the resin in layer B2 for improved durability of the 

film and for a proper linear expansion coefficient. The inorganic fine particles used for this purpose are not 
particularly limited so long as they do not impair the transparency when in the form of a film. From the 
standpoint of improved operation efficiency and imparting transparency, sols dispersed in colloidal form are 
particularly preferred. Specific examples thereof include silica sol, antimony oxide sol, titania sol, zirconia 
20 sol, alumina sol, tungsten oxide sol, and the like. There is no problem with surface treating the fine particles 
or adding surfactants or amines for better dispersability of the inorganic fine particles. The inorganic fine 
particles preferably have an average particle size of 1-200 nm, more preferably 5-100 nm, and even more 
preferably 20-80 nm. Particles with an average particle size of less than 1 nm have poor stability as a 
dispersion and make it difficult to achieve constant quality, while those over 200 nm lead to poor 
25 transparency of the resulting film and only yield very turbid films. 

In addition, surfactants required for formation of a uniform film and crosslinkers required for improved 
solvent resistance of the film may be incorporated as necessary. 

The following method may be mentioned as a means for coating the layer B2 film on the transparent 
resin. The above-mentioned coating composition composed mainly of a resin with an oxygen permeability 
30 coefficient of 1 x 10- 13 [cm 3 *cm/cm 2 .sec»Pa] or less, and a water vapor permeation coefficient of 1 x 
10 10 [cm 3 .cm/cm 2 »sec-Pa] or less is dissolved in a solvent capable of dissolving it, and this solution is 
used as a paint for application by an ordinary coating method such as brush coating, dip coating, roll 
coating, spray coating, spin coating, flow coating or the like. 

As the transparent electro-conductive layer which is layer C of the present invention, there may be used 
35 a conductive thin film of a metal oxide such as ITO, tin oxide, cadmium oxide, etc., a metal such as gold, 
silver, copper, palladium, nickel, aluminum, chromium, etc. or a conductive polymer. Of these, ITO is 
preferably used when various properties such as transparency and low resistance are being considered. 
Publicly known methods can be used to form the metal oxide thin film such as the ITO film or metal thin 
film, including the vacuum deposition method, ion plating method, sputtering method, coating method or 
40 spraying method. A known method such as DC sputtering, RF discharge sputtering or magnetron sputtering 
may be used as the sputtering method ("Sputtering Phenomenon", Akira Kimbara, published by The Tokyo 
University Press, 1984). The substrate temperature when forming the film may be appropriately selected 
based on the type of the transparent resin and cured layer, giving consideration to transparency, low 
resistance, adhesion, heat resistance and chemical resistance. Also, the proportion of the ITO is preferably 
45 determined based on the surface resistance value, specific resistance, transparency, etc. required for a 
transparent electroconductive layer, but from the standpoint of low resistance and transparency, the Sn0 2 
content is preferably 25 wt% or less, and for an even lower resistance value, a high density ITO target close 
to the true density of ITO is preferably used as the ITO target. The thickness of the transparent conductive 
film is not particularly limited, but from the standpoint of conductivity, film formation time and mechanical 
so properties, it is preferably selected appropriately within the range of 150-5000 angstroms. 

The inorganic fine particles to be used in layer D of the present invention are not particularly limited so 
long as they do not impair the transparency when in the form of a film. From the standpoint of improved 
operation efficiency and imparting transparency, sols dispersed in colloidal form are particularly preferred. 
More specific examples thereof include silica sol, antimony oxide sol, titania sol, zirconia sol, alumina sol, 
55 tungsten oxide sol, and the like. There is no problem with surface treating the fine particles or adding 
surfactants or amines for better dispersability of the inorganic fine particles. 

The inorganic fine particles are added for improvement in the surface hardness, adjustment of the 
refractive index, improvement in the mechanical strength, improvement in the thermal properties, and 
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15 



20 



25 



30 



35 



improvement in the durability of the metal oxide and/or metal nitride layer constructed on the cured .ayer 

COn Tii n pat.r S 7z^l e £££ fine particles is not particularly limited, but it is normally 1-200 nm 
nial^SoO nm and more preferably 20-80 nm. Particles with an average particle size of less than 1 
nm ha?e y poor ISt'y as a dispersion and make it difficult to achieve constant quality, wh.le those over 200 
nm lead to poor transparency of the resulting film and only yield very turbid f.lms. 

The loun of the inorganic fine particles to be added is not particularly limited, but m order to achieve 
«*2iTTSS it is oreferablv 1 wt% or more and 80 wt% or less in the transparent f.lm. At less than 1 
wt% a Sear X of n d dmonTs not recognized, and at greater than 80 wt% problems tend to occur 
Too* as Zr adhesion to plastic substrates, cracking of the film itself, and lower impact res,stance. 

The cured layer containing the inorganic fine particles composing layer D of the present nvenfon 
contains a organ* po.ymeMn addition to the inorganic fine particles. Specific examples of organic 
nn r S 12 Too the cured layer are acrylic resins, silicone resins, polyurethane res.ns, epoxy res.ns, 

rir^rr*^ <*— <« — o^™*™ rP ou^ » « 

dy.X « uee of ... organoaitan compound containing an .pox, group and a glyadoxy group 
referable and the resulting product has a high addition value. 

?h ^ fnmtr^ng composition composed mainly of a silicone resin may contain in add,t,on to the 

LL oiTmust o. ««n a rang. wnicn doaa not lead «o deterioration o. the transparency and «h,c* 

P ' W VartooToX^.s rt ™yTs»Tu=^ in combination vrith .ne coating composition used in torming 
tnaouTlayar oSng ^. inorganic «n. p««clee, .o promo,, coring and alio™ hardening a, low 

SSSlt « "ndfoi thee, cuhng eg.* me, be osed in ^mixture o, «se oudng 
E« s .^Tye^.n«on.d alumina*, cnelat. expounds ar. pantculady usuful from tn. port o. v,e„ o, 

„ ^^TT^^rSn-, cored s 

foffo mina the cured layer containing the inorganic fine particles, w,th,n a range in which the film 

and dyeabS ^Tn^ ino^ic materials that can be added are metal alkoxides represented by the following 
general formula (G). chelate compounds and/or their hydrolysates. 

where* "n^y an acy. group or an alkoxya.ky. group, m is the same value as the charge 

Turnip of the metal M and M is silicon, titanium, zirconium, antimony, tantalum, germanium or aluminum^ 
Furthiron UV-Solr may be added to improve the weatherability, or an antioxidant may be 
added as a means of preventing lowering of the heat resistance. 

The IThod of applying L coating composition for the cured layer contain.ng the inorgamc fine 
oartilteswhcris to be applied on the cured resin composed mainly of a transparent resin and a 
nylphiirresin'may be any ordinary coating method such as brush coating, dip coating, roll coat.ng, 
spray coating, spin coating, flow coating or the like. 
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For application of the coating composition, various pretreatments are effective to improve the cleanness, 
adhesion, moisture resistance, and so forth. Particularly preferred methods are activated gas treatment! 
chemical treatment and UV treatment. These pretreatments may be performed together either continuously 
or step-wise. 

5 Activated gas treatment is treatment utilizing ions, electrons or activated gases generated at normal or 
reduced pressure. The methods of generating such activated gases include corona discharge, and high 
voltage discharge using direct current, low frequency, high frequency or microwaves, at a reduced 
pressure. 

The gas to be used is not particularly limited, and specific examples thereof include oxygen, nitrogen, 
10 hydrogen, carbon dioxide, sulfur dioxide, helium, neon, argon, freon, water vapor, ammonia, carbon 
monoxide, chlorine, nitrogen monoxide, nitrogen dioxide, and the like. These gases may be used alone or 
as a mixture of two or more. Of the examples mentioned above, oxygen-containing gases, particularly those 
existing naturally, such as air, are preferred. Pure oxygen gas is more preferable for improved adhesion. 
During the treatment, the temperature of the treated substrate may be raised for the same purpose. 
is Specific examples of chemical treatment include (i) alkali treatment using caustic soda, (ii) acid 
treatment using hydrochloric acid, sulfuric acid, potassium permanganate, potassium dichromate, etc., and 
(iii) organic solvent treatment. 

The pretreatment described above may be performed either continuously or step-wise. 
The thickness of the cured layer containing the inorganic fine particles is not particularly limited, but is 
20 preferably within the range of 0.1 to 50 u, and more preferably 0.3 to 10 u, from the point of view of 
maintaining adhesion strength, and hardness. When applying the film, the composition is diluted in various 
solvents to adjust the operation efficiency and the film thickness, and various solvents may be used, 
including water, alcohol, esters, ethers, halogenated hydrocarbons, dimethylformamide, dimethyl sulfoxide, 
etc., in accordance with the intended object, and a mixed solvent may also be used, if necessary. From the 
25 standpoint of dispersability of the fine particulate inorganic oxide, polar solvents such as water, alcohol, 
dimethylformamide, ethylene glycol, diethylene glycol, triethylene glycol, benzyl alcohol, phenethyl alcohol 
and phenyl cellosolve are preferably used. 

The cured layer containing the inorganic fine particles is obtained by curing the above-mentioned 
coating composition, and the curing may be performed by heat treatment. The heating temperature is 
30 appropriate selected depending on the components of the coating composition and the heat resistance of 
the transparent resin, but it is preferably from 50 "C to 250 e C. At lower than 50 *C the curing is insufficient, 
and at higher than 250 9 C coloring and deterioration of the cured layer results. 

For the purpose of further improved heat resistance, abrasion resistance and chemical resistance of the 
cured layer containing the inorganic fine particles, there is no problem with forming a multi-layered film 
35 consisting of 2 or more layers of the composition having the same or different component ratios. The 
transparency of the transparent resin containing the cured layer composed mainly of a hydrophilic resin and 
an organic silicon compound, which has a cured layer containing inorganic fine particles, when expressed 
as the total light transmittance when no coloring occurs, is preferably 60% or greater, and more preferably 
80% or greater. When used for applications required optical isotropy, such as for a liquid crystal display 
40 substrate, optical disk substrate or the like, the birefringence is preferably below 30 nm, and more 
preferably below 15 nm. 

Methods which may be used to form the metal oxide film and/or metal nitride film as layer E of the 
present invention, include the vacuum deposition method, ion plating method, plasma CVD method, and 
sputtering methods such as RF discharge sputtering, DC sputtering or magnetron sputtering, and in order to 

45 impart high gas barrier properties the sputtering method is preferred, of which RF discharge sputtering is 
particularly preferred. Metal oxide films formed by RF discharge sputtering are prepared in an inert gas 
atmosphere and/or active gas atmosphere, using a metal oxide dielectric or insulator as the sputtering gate. 
The sputtering gas is preferably an inert gas such as He, Ne, Ar, Kr, Xe or Rn, and Ar is particularly 
preferred from the point of view of cost, availability and sputtering rate. The active gas used may be 0 2 , N 2 , 

so CO or oxygen, and 0 2 is preferably used in order to compensate for loss of oxygen by the sputtering film 
during formation of the metal oxide film. The 0 2 concentration (partial pressure with respect to the inert 
gas) is appropriately selected based on the type of cured layer containing the inorganic fine particles, the 
substrate temperature, the target material, the sputtering rate and the making current, but it is usually O.1- 
10%. According to the present invention, this concentration is preferably 5% or less, and more preferably 

55 1% or less, from the standpoint of alleviating plasma damage to the transparent film. Also, the substrate - 
temperature is appropriately selected based on the type of transparent resin and cured film used, in 
consideration of the gas barrier properties, high transparency, adhesion, heat resistance and chemical 
resistance. The material used for the metal oxide film and/or metal nitride film may be one, or a mixture of 
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2 or more selected from metal oxide films made of Si0 2 , Zr0 2 , Ti0 2 , Y 2 0 3 , Yb 2 0 3 . MgO, Ta 2 Os. Ce0 2 or 
HfS, corTJnlntthe metais Si, Zr, Ti. Y, Yb. Mg. Ta. Ca or Hf, respectively, or metal nrtride f,.^ such as 
S a N4- however, from the viewpoint of cost, transparency, gas bamer propert.es and durability of the 
SarenT conductive layer formed on the metal oxide film, it is preferably one or a m.xture of 2 or more 
mPt^oxTdes containing Si Al or Ti, or a metal nitride such as Si 3 IV The gas barrier propert.es of the metal 
£2 niride film is preferab.y 100 [cc/m'-dayatm] or .ess and ^re 0^-50 

S day.atm]. The thickness of the metal oxide and/or metal nitride layer .s not part.culary reacted, 
butTrom L standpoint of imparting gas barrier properties and durability of the transparent conducive 
layer it is preferably 50-2000 angstroms, and more preferably 100-1200 angstroms. 

The method of combining and the order of laminating each of the layers compos.ng a plast.c opt.cal 
artJ ^ according to The present invention, i.e. layer A (the transparent resin), layer B (the cured layer 
compoid mSy of a hydrophi.ic resin and an organic silicon compound), layer C (the transparent 
coXcTve layer)" layer D (the cured layer containing inorganic fine partic.es), and layer E (the metal ox.de 
and'or metal nitride film), are not particularly restricted so long as, in the case of opfica. articles w,* a teyer 
C Tangent conductive layer), there are included at least one each of layers A, B. C and D. Also, .n the 
ca Hf oS articles with a layer E (meta. oxide and/or metal nitride film), the method of comb.nat.on and 
STolr ^jSZZm. not particularly restricted so .ong as there are included at least one each of 
layers A, B, D Tnd E. Also, there is no problem if a sing.e optical article contains more than one type of 

eaC The y method of combination and the order of lamination of each of the layers composing a plastic 
according to the ^J^S^^S^S. T"^- 

°" B 'a pfcsticoptica. article obtained according to the present invention has ex cellent gas ba ^nprapa^ 
transparency heat resistance, light resistance, weatherability. impact res.stance. glazmg, chem.ca Ires* 
m ^ and optica, isotropy. and thus may be suitably applied in optica, .enses such as eyeglass enses 
sunalass lenses camera lenses, video camera lenses, goggle lenses, contact lenses and the l.ke. In 
Son i mav be applied in light-guiding waveguide plates of liquid crystal displays and front-, rear- and 
roolTndowrof StomSs and ai^lanes. as we,, as in optica, disk substrates and other types of d.sp.ay 
*.ih<;trate materials, because of its excellent optical isotropy. 

tS D^astfc op icil articles of the present invention which have a transparent conducive layer such as 
ITO mayte empCd as transparent conductor materials because of their conductivity and transP^ency. 
SoecSlv thTv may be applied to electric circuit component materials such as capactors and res.stors. 
lu^g^Z^ eZopUoXog^s and electrophotographic recording; transparent electees for 
S ^t a T disolavs electrochromic displays, electroluminescent displays and s.gnal inputs for touch 
XX^SSSenl. such as solar cells and light ampNfiers; as well as for entire 
enecs ele^omagnetic wave blocking, heating elements, sensors, and the like. Furthermore ,n v.ew of 
mechanicaTcharacteristics, the thickness thereof is preferably 0.1-10 mm. and more preferably 0 3-1.0 mm. 
mechanicaj characte s ^ ^ layer according to the present mventon may be 

used as a esistant transparent conductive material since the electrical conducts of the transient 
conductive layer is maintained even at high temperatures. It is particularly suitable for use as a hqud crys a 
SrsubSe The heat resistant transparent conductive substrate can be applied to a l.qu,d crystal 
£ of f s mole matrb< type such as a TN (Twisted Nematic) type. STN (Super Twisted Nemat-c) type or 
fenoeteSric liZd\Tystal (FLC) type, or to an active matrix type liquid crystal display such as an MM 
SS^JSiS^ or TFT" (Thin-Film Transistor) type, but it is preferab.y used for a s.mp.e matnx 
voe liquid crystal display because the production process therefor is relatively s.mple. 

VVnen a heat resistant transparent conductive material comprising a plasfc optical art.c.e wt a 
transparent conductive layer according to the present invention is used as a liquid crystal d.sp.ay substrate 
rSSSTSXJ wherein the .iquid crysta. is sandwiched by the heat resist .transparent 
conlSve .ayer. That is, in a conventiona. liquid crystal display using a glass substrate, the heat resistant 
transparent conductive materia, comprising the p.astic optica, artide of the present .nvent.on replaces the 
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glass substrate. More specifically, there is employed a structure in which the liquid crystal layer is 
sandwiched between substrates comprising plastic optical articles on which a passivation film is formed, if 
necessary, and an orientation film is further superposed thereon. A polarizing plate is disposed outside each 
of the substrates sandwiching the liquid crystal layer. A phase contrast plate and a light-reflecting plate are 
further disposed on the liquid crystal display, if necessary. 

In this construction in which the liquid crystal is sandwiched between the heat resistant transparent 
conductive materials, the substrates sandwiching the liquid crystal layer have a structure including a layer B 
(gas barrier layer) with high-temperature gas barrier properties and a layer E (metal oxide and/or metal 
nitride layer), disposed so that these high gas barrier layers sandwich the liquid crystal layer. Consequently, 
the air permeability and moisture permeability of the substrates themselves are greatly reduced, while the 
air permeability and moisture permeability of the liquid crystal layer is also suppressed, thus solving the 
problems of deterioration of the liquid crystal substance by oxygen permeation and increased power 
consumption of the display device due to moisture permeation, and greatly improving the life-span and 
reliability of the liquid crystal display. 

Publicly known methods may be applied for the production of the liquid crystal display using a plastic 
optical article according to the present invention. For example, in the case of a simple matrix liquid crystal 
display, [see "Liquid Crystal Handbook", edited by Nippon Gakujutu Shinkokai, No.142 Committee, 
published by Nikkan Kogyo Shimbunsha, 1989, p.531], the liquid crystal display cell may be obtained 
through a series of steps including washing of the substrate, formation of the transparent conductive layer, 
fine patterning of the transparent conductive layer (coating of resist, development, etching, washing-away of 
resist), formation of an orientation film, rubbing treatment, washing, printing of a sealant, bonding of the 
substrates, heating and pressurization, vacuum deaeration, introduction of the liquid crystal, sealing of the 
introduction opening, cutting of the liquid crystal cell, fitting of the polarizing film and light-reflecting plates, 
and so forth. In these liquid crystal display production steps, the production conditions should be set in 
consideration of the various characteristics of the liquid crystal display substrate employing the plastic 
optical article, such as heat resistance, mechanical characteristics, etc. 

The present invention is explained hereunder in more detail with respect to the following examples. 

The various characteristics of the transparent resin were measured in the following manner. , 

(a) Total light transmittance, yellowing 

Measured using an SM computer, product of Suga Shikenki, K.K. 

(b) Haze 

Measured using a fully-automated direct-reading haze computer meter HGM-2DP, product of Suga 
Shikenki, K.K. 

(c) Solvent resistance 

The surface was rubbed with acetone-impregnated gauze, and the change in luster at that time was 
visually evaluated. 

(d) Glass transition temperature 

Measured using a Mettler DSC30. The glass transition temperature was data processed according to JIS 
K-7121, and a second run Tmg was used. The optical article provided with each of the cured films was 
measured in the following manner. 

(a) Transparency 

The transparency was examined visually under a fluorescent lamp. 

(b) Abrasion resistance 

The surface was rubbed with steel wool #0000 and the degree of scratching was evaluated. 

(c) Adhesion 

One hundred squares were formed in the surface of the film with a steel knife, reaching 1 mm deep into 
the substrate, and cellophane adhesive tape ("Cello-Tape", trade name of Nichiban K.K.) was strongly 
bonded thereto, after which the tape was rapidly peeled in the perpendicular direction and any peeling of 
the coating was noted. 

(d) Film thickness 

Measured with an SE-3300 surface roughness tester, product of Kosaka Kenkyusho, K.K. 

(e) Heat resistance 

A sample was placed on a glass plate and heated at 150* for 2 hours, after which the surface condition 
(smoothness, etc.) was examined. 

(f) Mechanical properties 

A bending test at room temperature was conducted according to JIS K-7203. A bending test at 170"C 
was conducted to measure the flexural modulus at 170 'C under a condition in which the distance 
between the support points was 10 mm and the bending rate was 0.5 mm/min, using a TOM universal 
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tester (product of Shinko Tsushin, K.K.). 

Tt Y plar«c 9 optical artic.e was placed on a white sheet of paper, and the degree of yellowing was 
examined visually. 

^ZS^SS Efficient was determined by the constant pressure coulometric 

an OX IRAN 2/20 MH, product of Mocon Co. The optical articles provided wrth the metal ox.de and/or 

metal nitride films were measured in the following manner. 

(a) Appearance 

Examined visually. 

O b L A nundred squares were formed in the surface of the film with a steel knife, reaching 1 mm deep into 
the subsS ^nd cellophane adhesive tape ("Cello-Tape", trade name of Nichiban K.K.) was strongly 
bonded me^ aL which the tape was rapidly peeled in the perpendicular direcfon and any peehng of 
the coating was noted. 

Sl^ed'wSTS SE-3300 surface roughness tester, product of Kosaka Kenkyusho, K.K. 

^lESTS the plastic optica, artic.e was examined visual.y after heating for 2 hours in an oven 
set to 180° C and then cooling to room temperature. 

Tt^foJcTarcle was immersed for 5 minutes in a 3% aqueous solution of sodium hydroxide at 
IS'c and then washed for 5 minutes with flowing water, after which the solut.on was replaced wrth 



an OX-TRAN 2/20 MH. product of Mocon Co. The optical articles provided with the transparent 
conductive layer were measured in the following manner, 
(a) Appearance 
Examined visually. 

^Ta^mrmperature using a Loresta MCP-TESTER-FP (product of Mitsubishi Yuka. K.K.) 

SneTundred squares were formed in the surface of the film with a steel knife, reaching 1 mm deep into 
the substS Id cellophane adhesive tape ("Cello-Tape", trade name of Nichiban K.K.) was strongly 
bonded meXafter which the tape was rapidly peeled in the perpendicular directs and any peehng of 
the coating was noted. 

Sealed within SE-3300 surface roughness tester, product of Kosaka Kenkyusho. K.K. 

Se^oVea^Tof the plastic optical article or the plastic optical article coated with the transparent 
londuXTyer ^ examined visually after heating for 2 hours in an oven set to 180' C and then 
cooling to room temperature. 

TL'XSoptictaSle was immersed for 5 minutes in a 3% aqueous solution of sodium hydroxide at 
lo'c and men washed for 5 minutes with flowing water, after which the solution was replaced wrth 
purified water, the water was drained with gauze and the appearance was exam.ned visually. 

{ t^Te^^^^ was dete ™ ed by the C ° nStant PreSSUrC C0U ' 0metriC meth ° d ' USin9 
an OX-TRAN 2/20 MH, product of Mocon Co. 
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Example 1 

(1) Preparation of transparent resin 



isopropylmaleimide 


26.5 g 


styrene 


18.5 g 


divinyl benzene 


5.0 g 


azobisisobutyronitrile 


0.05 g 



The compounds listed above were mixed and dissolved, and then cast-molded by casting polymeriza- 
tion. The casting polymerization was carried out as follows. 

The outer peripheral sections of two glass plates each having a dimension of 150 mm x 150 mm and a 
thickness of 5 mm were bonded by soft vinyl chloride gaskets and the glass plates were assembled in such 
a manner as to place a distance of 0.5 mm between them. The monomer mixture described above was 
poured into the glass plate assembly and polymerized at 70 °C for 8 hours, 100* for 1 hour and 150°C for 
1 hour, to obtain a transparent cast-molded plate with a crosslinked structure (hereunder referred to as 
"cast plate (I)". 

The glass transition temperature of this cast plate (I) was 180"C, the total light transmittance was 90%. 
The flexural modulus was 398 kg/mm 2 and the flexural strength was 9 kg/mm 2 at room temperature, while 
the solvent resistance was satisfactory. 

(2) Formation of cured film composed mainly of hydrophilic resin and organosilicon compound 

(a) Preparation of coating composition (A) 

95.3 g of T-giycidoxypropyltrimethoxysilane was poured into a reactor equipped with a stirrer, and 21.8 
g of a 0.01 N aqueous hydrochloric acid solution was gradually added dropwise while keeping the liquid 
temperature at 10° C and stirring the liquid with a magnetic stirrer. After the drop addition was completed, 
cooling was stopped to obtain a hydrolysate of 7-glycidoxypropyltrimethoxysilane. 

To 10 g of this hydrolysate were added, after weighing out into a beaker 180 g of a 50 wt% aqueous 
solution of polyvinyl alcohol (average polymerization degree: 600, saponification degree: 91.0-94.0 mol%), 
260 g of water, 50 g of 1,4-dioxane, 0.5 g of a silicone-based surfactant and 5 g of aluminum 
acetylacetonate while stirring, and the mixture was further adequately stirred to obtain coating composition 

(b) Application and curing 

The cast plate (I) obtained in (1) above was immersed in an aqueous solution of caustic soda, after 
which coating composition (A) was used for dip coating at a lifting rate of 20 cm/min, prior to precuring at 
90 °C for 5 minutes and further heating at 140*C for 2 hours, to form a cured layer on the cast plate (I). 
The resulting cast plate with the cured layer composed mainly of a hydrophilic resin and an organosilicon 
compound is hereunder referred to as "cast plate (II)". 

(3) Cured layer containing inorganic fine particles 
(a) Preparation of coating composition (B) 

To the 117.3 g of the 7-glycidoxypropyltrimethoxysilane hydrolysate prepared according to (2)-(a) were 
added 216 g of methanol, 216 g of dimethylformamide, 0.5 g of a silicon-based surfactant and 67.5 g of a 
bisphenol-A type epoxy resin ("Epicoat 827", product of Yuka-Shell Epoxy K.K.). The mixture was stirred 
and 270 g of a colloidal silica sol ("OSCAL-1132", product of Shokubai Kasei Kogyo. K.K., average particle 
size: 13 nm) and 13.5 g of aluminum acetylacetonate were added with adequate stirring to obtain the 
coating composition (B). 
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(b) Production of plastic optical article 

The cast plate (II) obtained in (2) above was dip coated in the coating composition (B) prepared in (3) 
above at aliK rate of 20 cm/min, prior to precuring at 100-C for 10 minutes and further heajng £ 
U0 • C for 4 hours, to form a transparent cured layer on the cast plate (II). The resulting cast plate w.th the 
cured layer containing inorganic fine particles is hereunder referred to as cast plate (III) . 

(4) Formation of transparent conductive layer 

A transparent conductive layer composed mainly of ITO was formed to a film thickness of about 2000 
angstroms on one surface of the cast p.ate (...) obtained in (3) above, by DC magnetron sputtenng under 
the following conditions. 
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Sputtering conditions 


Target material: 
Sputter introduction gas: 
Degree of vacuum: 
Making current: 
Substrate temperature: 
Sputtering rate: 


ITO (Sn0 2 , 10 wt%) 

Ar and O2 

2.0 x 10~ 3 Torr 

1.5 kw 

120 *C 

100 angstrom/min 



55 



The room temperature surface resistance of the side of the optical article on wh.ch the ITO Mm was 
formed was 22 ohms^. After being heated at 150'C for 1.5 hours, the transparent plate provided with this 
TO mm wL cold to room temperature, and the surface resistance was again measured and found to be 
22 o^sroMhe same as the initial va.ue. Furthermore, no changes were observed in the appearance 
fhus cS rm^no that the transparent plate had exceHent heat resistance. In addition, the oxygen PermeabN.ty 
JSlS2nrCott*»d optica, article was 0.01 cc/m'-dayatm, thus indicating a very exceHent gas 
barrterproperty Also, when the optica, article was used to prepare a simple matnx l.qu.d crystal d.splay 
according TL method described on p.531 of "Liquid Crystal Handbook" (edited by N.ppon Gakujutu 
Ihinkokai No 142 Committee, published by Nikkan Kogyo Shimbunsha, 1989), wh.ch .s a pub cly known 
m^l^^Sl simple matrix liquid crystal disp.ays, through a series of steps .nc.udingfine 
Patterning of the transparent conductive .ayer (coating of resist, development etch.ng, washing ,-away of 
St) formation of an orientation film, rubbing treatment, washing, printing of a se alant, bond n o 
subst ates hlating and pressurization, vacuum deaeration, introduction of the liqu.d crystal sealing of the 
SS5S5.^3!o! cuSnfl of the ..quid crysta. cel.. fitting of the po.arizing fi.m and light-reflecting , plat , 
no generation of air bubbles was observed at normal temperature and pressure^ Further- 
more, the resulting simple matrix liquid crystal display was capable of display.ng sharply v.s.b.e dots. 

Example 2 

All of the procedures in Example 1 were followed, except that (2)-(a) was replaced with the following 
step. (2) Formation of cured layer composed mainly of hydrophilic resin and organos.l.con compound 

(a) Preparation of coating composition (A) 

95 3 a of ,-qlycidoxypropyltrimethoxysilane was poured into a reactor equipped with a stirrer and 21 .8 
a of fo 01 N aqueous hydrochloric acid solution was gradually added dropwise while keep.ng the quid 
femperlre at 10' C and stirring the liquid with a magnetic stirrer. After the drop addition was completed, 
cooling was stopped to obtain a hydrolysate of y-g.ycidoxypropyltrimethoxys.lana 

To 5 g of this hydrolysate were added, after weighing out into a beaker 90 g of a 50 wt% aqueous 
soJon of po.yviny. alcohol (average polymerization degree: 600 sapon.f.cat «n ■ *jrj« «-(«4 ^ 
osn n of water 50 a of 1 4-dioxane, 0.5 g of a si.icone-based surfactant and 5 g of alum.num 
c\Uceton W rwhne i£g. 166.7 g of a colfoida, silica so. ("OSCAL-1132" P^J^SJSi 
Kogyo, K.K., average particle size: 13 nm) and 5 g of aluminum acetylacetonate were added with adequate 
stirrina to obtain the coating composition (A). 

7he appearance of the cured layer composed mainly of a hydrophi.ic res.n and an morgan* s-hcon 
compound obtained in Example 2 was as uniform and transparent as the cured layer obtamed in Example 
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1 . The room temperature surface resistance of the side of the optical article obtained in Example 2 was 22 
ohms/a After being heated at 150°C for 1.5 hours, the transparent plate provided with this ITO film was 
cooled to room temperature, and the surface resistance was again measured and found to be 22 ohms/a, or 
the same as the initial value. Furthermore, no changes were observed in the appearance, thus confirming 

5 that the transparent plate had excellent heat resistance. In addition, the oxygen permeability coefficient of 
the obtained optical article was 0.01 cc/m 2 »dayatm, thus indicating a very excellent gas barrier property. 
Also, when the optical article was used to prepare a simple matrix liquid crystal display in the same manner 
as in Example 1, absolutely no generation of air bubbles was observed at normal temperature and pressure. 
Furthermore, the resulting simple matrix liquid crystal display was capable of displaying sharply visible 

10 dots. 

Example 3 

All of the procedures in Example 1 were followed, except that (2)-(a) was replaced with the following 
75 step. 

(2) Formation of cured layer composed mainly of hydrophilic resin and organosilicon compound 
(a) Preparation of coating composition (A) 

20 

100 g of 7-glycidoxypropylmethyldiethoxysi lane was poured into a reactor equipped with a stirrer, and 
14.5 g of a 0.01 N aqueous hydrochloric acid solution was gradually added dropwise while keeping the 
liquid temperature at 10°C and stirring the liquid with a magnetic stirrer. After the drop addition was 
completed, cooling was stopped to obtain a hydrolysate of -y-glycidoxypropylmethyldiethoxysilane. 

25 To 5 g of this hydrolysate were added, after weighing out into a beaker 90 g of a 50 wt% aqueous 
solution of polyvinyl alcohol (average polymerization degree: 600, saponification degree: 91.0-94.0 mol%), 
260 g of water, 50 g of 1,4-dioxane and 0.5 g of a silicone-based surfactant while stirring, after which 166.7 
g of a colloidal silica sol ("OSCAL-1132", product of Shokubai Kasei Kogyo, K.K., average particle size: 13 
nm) and 5 g of aluminum acetylacetonate were added with adequate stirring to obtain the coating 

30 composition (A). 

The appearance of the cured layer composed mainly of a hydrophilic resin and an inorganic silicon 
compound obtained in Example 3 was as uniform and transparent as the cured layer obtained in Example 
1 . The room temperature surface resistance of the side of the optical article obtained in Example 3 was 22 
ohms/o. After being heated at 150°C for 1.5 hours, the transparent plate provided with this ITO film was 

35 cooled to room temperature, and the surface resistance was again measured and found to be 22 ohms/a, or 
the same as the initial value. Furthermore, no changes were observed in the appearance, thus confirming 
that the transparent plate had excellent heat resistance. In addition, the oxygen permeability coefficient of 
the obtained optical article was 0.007 cc/'m 2 »dayatm, thus indicating a very excellent gas barrier property. 
Also, when the optical article was used to prepare a simple matrix liquid crystal display in the same manner 

40 as in Example 1, absolutely no generation of air bubbles was observed at normal temperature and pressure. 
Furthermore, the resulting simple matrix liquid crystal display was capable of displaying sharply visible 
dots. 

Example 4 

45 

The same procedure as in Example 1 was followed, except that steps (4) and onward were replaced 
with the following. 

(4) Formation of metal oxide layer 

50 

A Si02 layer was formed to a film thickness of about 600 angstroms on one surface of the cast plate 
(III) obtained in (3) above, by RF discharge sputtering under the following conditions. 
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Sputtering conditions 


Target material: 


Si0 2 


Sputter introduction gas: 


Ar 


Degree of vacuum: 


3.5 x 1CT 3 Torr 


Making current: 


1.5 kw 


Substrate temperature: 


120°C 


Sputtering rate: 


50 angstrom/min 



The resulting plastic optical article is hereunder referred to as "cast plate (IV)". 
(5) Formation of transparent conductive layer 

A transparent conductive layer composed mainly of ITO was formed to a film thickness of about 2000 
angstroms on the surface of the Si0 2 film on the cast plate (IV) obtained in (4) above, by DC magnetron 
sputtering under the following conditions. 



Sputtering conditions 


Target material: 


ITO (Sn0 2 , 10 wt%) 


Sputter introduction gas: 


Ar and 0 2 


Degree of vacuum: 


2.0 x 10" 3 Torr 


Making current: 


1.5 kw 


Substrate temperature: 


120 °C 


Sputtering rate: 


100 angstrom/min 



The room temperature surface resistance of the side of the optical article obtained in Example 4 on 
which the ITO film was formed was 22 ohms/a. After being heated at 150'C for 1.5 hours, the transparent 
olate provided with this ITO film was cooled to room temperature, and the surface resistance was aga,n 
measured and found to be 22 ohms/a, or the same as the initial value. Furthermore, no changes were 
observed in the appearance, thus confirming that the transparent plate had excellent heat res,stance_ In 
addition the oxygen permeability coefficient of the obtained optical art.cle was 0.01 cc/m*. day aim, thus 
indicating a very excellent gas barrier properly. Also, when the optical article was used to prepare a simple 
matrix liquid crystal display in the same manner as in Example 1, absolutely no generation o a,r bubbles 
was observed at normal temperature and pressure. Furthermore, the resulting simple matnx liquid crystal 
display was capable of displaying sharply visible dots. 



Example 5 

The same procedure as in Example 1 was followed, except that steps (4) and onward were replaced 
with the following. 

(4) Formation of metal nitride layer 

A Si metal layer was formed to a film thickness of about 100 angstroms on one surface of the cast plate 
(III) obtained in (4) above, by DC magnetron sputtering under the following conditions. 



Sputtering conditions 


Target material: 


Si 


Sputter introduction gas: 


N 2 


Degree of vacuum: 


1.0 x 10~ 3 Torr 


Making current: 


0.3 kw 


Substrate temperature: 


120 °C 


Sputtering rate: 


1 0 angstrom/min 



The resulting plastic optical article is hereunder referred to as "cast plate (V)°. 
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(5) Formation of metal oxide layer 

A metal oxide layer of Si02 was formed to a film thickness of about 600 angstroms on one surface of 
the metal nitride layer of the cast plate (V) obtained in (4) above, by DC magnetron sputtering under the 
5 following conditions. 



Sputtering conditions 


Target material: 


Si 


Sputter introduction gas: 


Ar and O2 


Degree of vacuum: 


3.5 x 10~ 3 Torr 


Making current: 


1.5 kw 


Substrate temperature: 


120 «C 


Sputtering rate: 


50 angstrom/min 



The resulting plastic optical article is hereunder referred to as "cast plate (VI)". 

(6) Formation of transparent conductive layer 

A transparent conductive layer composed mainly of ITO was formed to a film thickness of about 2000 
angstroms on the surface of the Si0 2 film on the cast plate (VI) obtained in (4) above, by DC magnetron 
sputtering under the following conditions. 



Sputtering conditions 


Target material: 


ITO(Sn0 2 , 10 wt%) 


Sputter introduction gas: 


Ar and O2 


Degree of vacuum: 


2.0 x 10~ 3 Torr 


Making current: 


1.5 kw 


Substrate temperature: 


120-C 


Sputtering rate: 


100 angstrom/min 



The room temperature surface resistance of the side of the optical article obtained in Example 5 on 
35 which the ITO film was formed was 22 ohms/o. After being heated at 150* C for 1.5 hours, the transparent 
plate provided with this ITO film was cooled to room temperature, and the surface resistance was again 
measured and found to be 22 ohms/a, or the same as the initial value. Furthermore, no changes were 
observed in the appearance, thus confirming that the transparent plate had excellent heat resistance. In 
addition, the oxygen permeability coefficient of the obtained optical article was 0.01 cc/m 2 *dayatm, thus 
40 indicating a very excellent gas barrier property. Also, when the optical article was used to prepare a simple 
matrix liquid crystal display in the same manner as in Example 1 , absolutely no generation of air bubbles 
was observed at normal temperature and pressure. Furthermore, the resulting simple matrix liquid crystal 
display was capable of displaying sharply visible dots. 

45 Example 6 

The same procedures as in Example 5 were followed, except that (2)-(a) was replaced with the following 
step. 

50 (2) Formation of cured layer composed mainly of hydrophilic resin and organosilicon compound 
(a) Preparation of coating composition (A) 

100 g of 7-glycidoxypropylmethyldiethoxysilane was poured into a reactor equipped with a stirrer, and 
55 14.5 g of a 0.01 N aqueous hydrochloric acid solution was gradually added dropwise while keeping the 
liquid temperature at 10 °C and stirring the liquid with a magnetic stirrer. After the drop addition was 
completed, cooling was stopped to obtain a hydrolysate of -y-glycidoxypropylmethyldiethoxysilane. 
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To 5 g of this hydrolysate were added, after weighing out into a beaker 90 g of a 50 wt /o aqueous 
soiution of polyvinyl alcohol (average polymerization degree: 600, sapon-f.cat.on degree: ^ ^ ^) 
260 g of water. 50 g of 1,4-dioxane and 0.5 g of a silicone-based surfactant wh.le st.rr.ng, after wh.ch 166.7 
a of a colloidal silica sol ("OSCAL-1132", product of Shokubai Kasei Kogyo, K.K., average part.cle s.ze: 13 
Li and 5 9 of aluminum acety.acetonate were added with adequate stirring to obtain the coat.ng 

^hT appliance of the cured layer composed mainly of a hydrophi.ic resin and an inorganic silicon 
compound obtained in Example 6 was as uniform and transparent as the cured layer obtamed ." Example 
? The room temperature surface resistance of the side of the optica, article obtained ,n ^mple 6 w as 22 
ohms/o After being heated at 150'C for 1.5 hours, the transparent plate prov.ded w.th this ITO film was 
cSed to room temperature, and the surface resistance was again measured and found to be 22 ohms/n or 
he same as the initial value. Furthermore, no changes were observed in the appearance thwcoj^ng 
hat the transparent plate had excellent heat resistance. In addition, the oxygen permeab.l.ty coeff.c.ent of 
Z ^^obtained optical article was 0.007 cc/m^dayatm, thus indicating a very excellent gas barr.er property. 
^nWoptW article was used to prepare a simple matrix liquid crystal display .n the same manner 
as in Examp.e 1 absolute* no generation of air bubbles was observed at normal temperature and pressure^ 
Furthermore, the resulting simple matrix liquid crystal display was capable of disp.ay.ng sharply v.s.ble 
dots. 



20 Example 7 

The same procedures as in Example 4 were followed, except that (2)-(b) and (4) were replaced with the 
following steps. 

25 (2) Formation of cured layer composed mainly of hydrophilic resin and organosilicon compound 
(b) Application and curing 

The cast plate (I) obtained in (1) above was immersed in an aqueous solution of caustic soda after 
30 which 5 g of coating composition (A) was used for spin coating at a rotat.cn speed of 1500 rpm for 60 
seconds oZr to procuring at 90-C for 5 minutes and further heating at 140'C for 2 hours to form a cured 
fayer or Tthe caS P p lat e (I) The resulting cast plate with the cured layer composed mainly of the hydroph.l.c 
resin and the organosilicon compound is hereunder referred to as "cast plate (II) . 
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(4) Formation of mfetal oxide layer 

A SiO* layer was formed to a film thickness of about 600 angstroms on the surface of the cast plate 
(III) obtained in (3) above provided with the cured layer composed mainly of the hydroph, he res.n and 
o'gano S rcon compound on the transparent resin layer, by RF discharge sputtering under the fo.low.ng 
conditions. 
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Sputtering conditions 


Target material: 


Si0 2 


Sputter introduction gas: 


Ar 


Degree of vacuum: 


3.5 x 1CT 3 Torr 


Making current: 


1.5 kw 


Substrate temperature: 


120 «C 


Sputtering rate: 


50 angstrom/mi n 



The resulting plastic optical article is hereunder referred to as "cast plate (IV)". 

The appearance of the cured layer composed mainly of the hydrophi.ic res.n and the .norgan.c s.hcon 
compound obtained in Example 7 was as uniform and transparent as the cured layer obtamed .n Example 
i The room temperature surface resistance of the side of the optica, art c, e obtained « was** 
ohms/o. After being heated at 150'C for .1.5 hours, the transparent p.ate proved ^^' T 0 , « 
cooled to room temperature, and the surface resistance was aga.n measured and found to be 22 ohms/o or 
the same as the initial value. Furthermore, no changes were observed in the appearance thus confirm ng 
that the transparent plate had excellent heat resistance. In addition, the oxygen permeab.hty coefhc.ent of 
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the obtained optical article was 0.01 cc/m 2 *dayatm, thus indicating a very excellent gas barrier property. 
Also, when the optical article was used to prepare a simple matrix liquid crystal display in the same manner 
as in Example 1 , absolutely no generation of air bubbles was observed at normal temperature and pressure. 
Furthermore, the resulting simple matrix liquid crystal display was capable of displaying sharply visible 
dots. 

Example 8 

The same procedures as in Example 7 were followed, except that (4) was replaced with the following 
step. 

(4) Formation of metal oxide layer 

A Si0 2 layer was formed to a film thickness of about 600 angstroms on the surface of the cast plate 
(III) obtained in (3) above provided with the cured layer composed mainly of the hydrophilic resin and 
organosilicon compound on the transparent resin layer, by RF discharge sputtering under the following 
conditions. 



Sputtering conditions 


Target material: 


SiO s 


Sputter introduction gas: 


Ar 


Degree of vacuum: 


3.5 x 10~ 3 Torr 


Making current: 


1.5 kw 


Substrate temperature: 


120°C 


Sputtering rate: 


50 angstrom/min 



The resulting plastic optical article is hereunder referred to as "cast plate (IV)". 

The room temperature surface resistance of the side of the optical article obtained in Example 8 was 22 
ohms/a. After being heated at 150*C for 1.5 hours, the transparent plate provided with this ITO film was 
cooled to room temperature, and the surface resistance was again measured and found to be 22 ohms/o, or 
the same as the initial value. Furthermore, no changes were observed in the appearance, thus confirming 
that the transparent plate had excellent heat resistance. In addition, the oxygen permeability coefficient of 
the obtained optical article was 0.01 cc/m 2 .dayatm, thus indicating a very excellent gas barrier property. 
Also, when the optical article was used to prepare a simple matrix liquid crystal display in the same manner 
as in Example 1 , absolutely no generation of air bubbles was observed at normal temperature and pressure. 
Furthermore, the resulting simple matrix liquid crystal display was capable of displaying sharply visible 
dots. 

Example 9 

The same procedure as in Example 1 was followed, except that (2)-(a) in Example 4 was replaced with 
the following step. 

(2) Formation of layer B2 

(a) Preparation of coating composition (A) 

52.25 g of a DMSO (dimethylsulfoxide) solution containing polyacrylonitrile (weight average molecular 
weight: 130,000) (concentration: 24.5%), 64 g of a colloidal silica sol (average particle size: 45 nm, 30% N- 
methylpyrrolidone solution, Shokubai Kasei Kogyo, K.K.), 683.75 g of DMSO and 0.64 g of a fluorine-based 
surfactant were measured out and thoroughly stirred and mixed to prepare coating composition (A). 

The room temperature surface resistance of the side of the optical article obtained in Example 9 was 22 
ohms/D. After being heated at 180°C for one hour, the transparent plate provided with this ITO film was 
cooled to room temperature, and the surface resistance was again measured and found to be 22 ohms/o, or 
the same as the initial value. Furthermore, no changes were observed in the appearance, thus confirming 
that the transparent plate had excellent heat resistance. In addition," the oxygen permeability coefficient of 
the obtained optical article was 0.5 cc/m 2 *dayatm, thus indicating a very excellent gas barrier property. 
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Also when the optical article was used to prepare a simple matrix liquid crystal display in the same manner 
a^in Saml 1 absolutely no generation of air bubbles was observed at norma, temperature and pressure^ 
Fulermo'e the resulting simple matrix liquid crystal display was capab.e of disp.ay.ng sharply v,s,b.e 
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Example 10 

The same procedure as in Example 1 was followed, except that (2)-(a) in Example 4 was replaced with 
the following step. 

(2) Formation of layer B2 

(a) Preparation of coating composition (A) 

An aqueous polyvinylidene chloride resin latex solution (DO-818, trade name of Kureha Kagaku Kogyo) 

WaS The d room temperature surface resistance of the side of the optical article obtained in Example S l was 22 
ohmllf Mer beTng heated at 180'C for one hour, the transparent plate provided with th.s lTO f.lm was 
coded to mom temperature, and the surface resistance was again measured and found to be 22 ohms*, or 
th ^ same asThe inL value. Furthermore, no changes were observed in the appearance thus confirming 
transparent plate had excellent heat resistance. In addition, the oxygen permeab.lrty coeff.c.ent of 
2 ItJZ optTcal article was 0.05 cc/m^dayatm, thus indicating a very excellent gas barner property 
2o XT^e o^c ai article was used to prepare a simple matrix liquid crystal display .n the same manner 
as in Examl 1 absolutely no generation of air bubbles was observed at normal temperature and pressure^ 
^^^«^f^ matrix liquid crystal display was capable of disp.ay.ng sharply v.s.b.e 

dots. 
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Example 1 1 

The same procedure as in Example 1 was followed, except that (2)-(a) in Example 4 was replaced with 
the following step. 

(2) Formation of layer B2 

35 (a) Preparation of coating composition (A) 

200 g of a polyvinylidene chloride resin (SARAN RESIN F216, trade name of Asahi Kasei 9 
of NMP ?N.methylpyrrolidone) and 1.04 g of a fluorine-based surfactant were measured out and thoroughly 
stirred and mixed to prepare coating composition (A). 
40 The ro 0 rtem P erature surface resistance of the side of the optical article obtained ,n Example 9 was 22 
ohms/o 7Z beTng heated at 180'C for one hour, the transparent plate provided with th.s ITO film was 
otio l tem%lre, and the surface resistance was again measured and found to be 22 ohms^ or 
?he same Ts the initial value. Furthermore, no changes were observed in the appearance thus confirm ng 
n^thelansparen plate had excellent heat resistance. In addition, the oxygen permeab.lrfy coeffic.ent of 
45 he obtained optTcal article was 0.05 cc/m^dayatm, thus indicating a very excellent gas bamer property. 

article was used to prepare a simple matrix liquid crystal display in the same manner 
asTn Examl 1 absolutely no generation of air bubbles was observed at normal temperature and pressure^ 
FulermoTthe resulting simple matrix liquid crystal dispiay was capab.e of d.splay.ng sharply v,s,ble 
dots. 
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Example 12 

(1) Preparation of transparent resin 

5 

A cast plate (I) comprising a transparent resin was prepared in the same manner as in Example 1 (1). 

(2) Formation of layer B2 

io (a) Preparation of coating composition (A) 

52.25 g of a DMSO (dimethylsulfoxide) solution containing polyacrylonitrile (weight average molecular 
weight: 130,000) (concentration: 24.5%), 64 g of a colloidal silica sol (average particle size: 45 nm, 30% Ki- 
rn ethyl pyrrol i done solution, Shokubai Kasei Kogyo, K.K.), 683.75 g of DMSO and 0.64 g of a fluorine-based 
15 surfactant were measured out and thoroughly stirred and mixed to prepare coating composition (A). 

(b) Application and drying 

The cast plate (I) obtained in (1) above was immersed in an aqueous solution of sodium hydroxide and 
20 then dip coated in the coating composition (A) at a lifting rate of 10 cm/min, prior to precuring at 90 °C for 5 
mir.utes and further heating at 160*C for 30 minutes, to form a film of layer B2 on the cast plate (I). The 
resulting cast plate is hereunder referred to as "cast plate (II)". 

(3) Formation of metal oxide layer 

25 

A Si0 2 layer was formed to a film thickness of 600 angstroms on one surface of the cast plate (II) 
obtained in (2) above, by RF discharge sputtering. The film-forming conditions were the same as listed in 
Example 4 (4). 

The resulting plastic optical article is hereunder referred to as "cast plate (III)". 

30 

(4) Formation of transparent conductive layer 

A transparent conductive layer composed mainly of ITO was formed to a film thickness of 2000 
angstroms on the surface of the Si0 2 film on the cast plate (III) obtained in (3) above, by DC magnetron 

35 sputtering. The film-forming conditions were the same as listed in Example 4 (5). 

The room temperature surface resistance of the side of the optical article obtained in Example 12 was 
22 ohms/a. After being heated at 180 °C for one hour, the transparent plate provided with this ITO film was 
cooled to room temperature, and the surface resistance was again measured and found to be 22 ohms/a, or 
the same as the initial value. Furthermore, no changes were observed in the appearance, thus confirming 

40 that the transparent plate had excellent heat resistance. In addition, the oxygen permeability coefficient of 
the obtained optical article was 0.5 cc/m 2 ^dayatm, thus indicating a very excellent gas barrier property. 
Also, when the optical article was used to prepare a simple matrix liquid crystal display in the same manner 
as in Example 1, absolutely no generation of air bubbles was observed at normal temperature and pressure. 
Furthermore, the resulting simple matrix liquid crystal display was capable of displaying sharply visible 

45 dots. 

Comparative Example 1 

A cast plate (I) obtained in the same manner as in Example 1 was dip coated in coating composition (B) 
50 prepared in the same manner as in Example 1 at a lifting rate of 20 cm/min, prior to precuring at 100°C for 
10 minutes and further heating at 110°C for 4 hours, to form a cured layer containing inorganic fine 
particles directly on the cast plate (I). The steps from (4) onward in Example 1 were carried out to obtain an 
optical article without a cured film composed mainly of a hydrophilic resin and organosilicon compound. 
The room temperature surface resistance of the optical article obtained in Comparative Example 1 was 22 
55 ohms/a After being heated at 150'C for 1.5 hours, the transparent plate provided with this ITO film was 
cooled to room temperature, and the surface resistance was again measured and found to be 22 ohms/o, or 
the same as the initial value. Furthermore, no changes were observed in the appearance, thus confirming 
that the transparent plate had excellent heat resistance. However, the oxygen permeability coefficient of the 
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obtained optical article was 80 cc/m'-dayatm, thus indicating an infenor gas bamer property compared to 
the optica, articles obtained in Examples 1 to 8. Furthermore, when the optical art.de was used to prepay ^a 
simple matrix liquid crystal display in the same manner as in Example 1. generate of a.r bubbles was 
observed at normal temperature and pressure immediately after its preparation, and its functor* as a l.qu.d 
crystal display were unsatisfactory. 



Industrial Applicability 



70 



According to the present invention, there are provided plastic optical articles with excellent gas barrier 
properties, conductivity, durability, heat resistance, abrasion resistance, transparency and chem.cal res,s- 



tance. 



Claims 



15 



A plastic optical article having at least the following layers B and F on a section of a substrate 
comprising A described below, characterized in that the layers B and F compr.se one or more layers 

respectively. 

A. A transparent resin 
B The following gas barrier layer B1 or B2: 
20 B1. A cured gas barrier layer composed mainly of a hydrophilic res.n and an organos.l.con 

cojnp^ound^ ^ compose d mainly of a polymer with an oxygen permeability 

coefficient of 1 x 1(T« [cm 3 - cm/cm 2 - sec- Pa] or less, and a water vapor permeability coefficient 
of 1 x 1(T 10 [cm 3 - cm/cm 2 - sec- Pa] or less. 
25 F. The following inorganic layers C and/or E 

C. A transparent electroconductive layer 

E. A metal oxide and/or metal nitride layer 

2. A plastic optical article having the following layers A, B, F and D, characterized in that each layer 
30 comprises one or more layers. 

A. A transparent resin 

B. The following gas barrier type layer B1 or B2: rtrMrtf «iiimn 
B1. A cured gas barrier layer composed mainly of a hydrophilic res.n and an organosil.con 

35 B™Tgt barrier type layer composed mainly of a polymer with an oxygen permeability 

coefficient of 1 x 10" 13 [cm 3 - cm/cm 2 - sec- Pa] or less, and a water vapor permeability coefficient 
of 1 x 10™ 10 [cm 3 * cm/cm 2 * sec- Pa] or less 

F. The following inorganic layers C and/or E 

C. A transparent electro-conductive layer 
40 E. A metal oxide and/or metal nitride layer 

D. A cured layer containing inorganic fine particles 

3. A plastic optical article having the following layers A, B, C, D and E, characterized in that each layer 
comprises one or more layers. 

45 A. A transparent resin 

B. The following gas barrier layer B1 or B2: . ^ S i,^« 
B1. A cured gas barrier layer composed mainly of a hydrophilic resin and an organos.l.con 

compound ^ composed mainly of a polymer with an oxygen permeability 

' coefficient of 1 x 1(T 13 [cm 3 - cm/cm 2 - sec Pa] or less, and a water vapor permeability coefficient 
of 1 x 10 -10 [cm 3 -cm/cm 2 -sec- Pa] or less. 

C. A transparent electro-conductive film. 

D. A cured layer containing inorganic fine particles. 

E. A metal oxide and/or metal nitride layer. 

4 A plastic optical article according to Claim 3, characterized in that the layers A, B, C, D and E are 
laminated in the order D-A-B-D-E-C, D-B-A-D-E-C or D-B-A-B-D-E-C. 
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A plastic optical article according to Claim 1, characterized in that said cured gas barrier layer 
composed mainly of a hydrophilic resin and an organosilicon compound is composed mainly of a 
polyvinyl alcohol as the hydrophilic resin, an organosilicon compound represented by the following 
general formula (A) and an aluminum chelate compound represented by the following general formula 
(B). 

General formula (A) R 1 a R 2 bSiX4- a - b 

where R 1 is an organic group of 1-10 carbon atoms, R 2 is a hydrocarbon or halogenated hydrocarbon 
group of 1-6 carbon atoms, X is a hydrolyzing group and a and b are 0 or 1. 
General formula (B) AIX n Y 3 - n 

where X is OL with L representing a lower alkyl group; Y is at least one member selected from the 
ligands derived from the compounds represented by the general formulas (C) 

M 1 COCH 2 COM 2 

75 wherein each of M 1 and M 2 is a lower alkyl group, and (D) 

M 3 COCH 2 COOM 4 

wherein each of M 3 and M 4 is a lower alkyl group; and n is 0, 1 or 2. 

20 

6. A plastic optical article according to Claim 1, characterized in that the organosilicon compound of Claim 
5 is a compound represented by the following general formula (E). 

General formula (E) R 3 R 4 SiX2 

where R 3 and R 4 are organic groups of 1-10 carbon atoms and X is a hydrolyzing group. 

25 

7. A plastic optical article according to Claim 1, characterized in that the gas barrier layer composed 
mainly of a polymer with an oxygen permeability coefficient of 1 x 10~ 13 [cm 3 » cm/cm 2 -see* Pa] or 
less and a water vapor permeability coefficient of 1 x 10~ 10 [cm 3 »cm/cm 2 »sec» Pa] or less, is 
composed mainly of a polyvinylnitrile resin and/or polyhalogenated vinylidene. 

30 

8. A plastic optical article characterized in that said gas barrier layer in Claim 7 composed mainly of a 
polyhalogenated polyvinylidene is a gas barrier layer composed mainly of polyvinylidene chloride. 

9. A plastic optical article according to Claim 1 , characterized in that said gas barrier layer contains fine 
35 particulate silica with an average particle size of 1-300 nm. 

10. A method for producing a plastic optical article according to Claim 1 wherein said cured gas barrier 
layer is formed by applying a paint prepared by dissolving in a solvent the layer components for a 
cured gas barrier layer composed mainly of a hydrophilic resin and an organosilicon compound, 

40 characterized in that a cyclic ether compound is included in the solvent. 

11. A plastic optical article according to Claim 1, characterized in that said transparent resin has a glass 
transition temperature of 1 60 • C or higher. 

45 12. A plastic optical article according to Claim 1, characterized in that said transparent resin is a 
crosslinked resin. 

13. A plastic optical article according to Claim 1, characterized in that said transparent electro-conductive 
layer has a thickness of 100 to 5000 angstroms. 

50 

14. A plastic optical article according to Claim 1, characterized in that said metal oxide layer and/or metal 
nitride layer has a thickness of 50 to 2000 angstroms. 

15. A plastic optical article according to Claim 1, characterized in that said metal oxide layer and/or metal 
55 nitride layer comprises an oxide and/or nitride of a metal selected from Si, Al and Ti. 

16. A plastic optical article according to Claim 2 or Claim 3, characterized in that said cured layer 
containing inorganic fine particles is a siloxane type cured layer containing fine particles with an 
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average particle size of 1 to 300 nm, of at least one type selected from silica, antimony oxide, titania, 
alumina, zirconia and tungsten oxide. 

17. A plastic optical article according to Claim 1, characterized in that said transparent resin is a resin 
prepared by 20 to 98 wt% copolymerization of a maleimide type monomer. 
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